Allergic diseases are on the rise in Asia. Aeroallergen exposure is a strong risk factor for sensitization, development and severity of atopic diseases, especially in the Asian paediatric population. Geographical and seasonal variations in aeroallergen sensitization are seen even within Asian countries and changes in aeroallergen sensitization patterns have been observed over time. Some possible reasons include climate change as well as rapid urbanization and improved sanitation which follow socioeconomic development. House dust mite allergy is present in up to 90% of Asian atopic patients, far exceeding that which is seen in Western populations which report prevalences of only 50% to 70%. Pollen and animal dander affect less than 10% of Asian patients as compared to 40-70% of individuals with asthma and allergic rhinitis living in the West, a burden almost equivalent to the dust mite burden in those regions. There is thus a pressing need for preventive measures to reduce dust mite sensitization in Asian children today.
Introduction
The prevalence of atopic dermatitis, allergic rhinitis and asthma has risen significantly in Asia over the last two decades. 1 These allergic diseases are now major contributors to the healthcare burden and morbidity in many countries. Treatment of established disease is mainly aimed at symptom control and allergen avoidance. Exposure to aeroallergens such as house dust mites, pollens, mould and animal dander is closely linked to sensitization, a significant risk factor for the development, persistence and severity of allergic airway disease in children. 2, 3 House dust mites (HDM) are ubiquitous in human habitats with a predilection for environments with high relative humidity. Human skin scales (keratin), cellulose from textile fibres and chitin, which are abundant in human living spaces, form essential components of the HDM diet, thus creating an inextricable link between human and HDM populations. Dermatophagoides pteronyssinus and Dermatophagoides farinae are the two pyrogliphid HDM species most implicated in allergic diseases. Blomia tropicalis, a storage mite, is also found in high concentrations in human homes in Asia and has been strongly linked to wheezing in children. 4, 5 Tyrophagus Differences in geography, climate and urbanization affect the global distribution of aeroallergens and correspondingly their sensitization patterns in humans. Studies indicate that climate change due to global warming, carbon dioxide emissions and rainfall patterns have altered the timing and severity of pollen, tree and grass seasons as well as indoor mould concentrations in various parts of the world over the last few decades. 7, 8 Asia is host to diverse flora and fauna species which are unique to the tropical climate. 8 Aeroallergens in this part of the world are thus phylogenetically and ecologically distinct from those in other temperate climates. 7 The Asian allergome and allergic disease phenotypes are distinct from those in Europe and the United States. Genetic polymorphisms described in Korean house dust mites are not found in those found in Western countries, but it is still not known if corresponding sensitized allergic phenotypes differ. 9 Genome wide association studies have also reported genetic susceptibility loci which are associated with atopic dermatitis and asthma in ethnic Asians. 10, 11 The interplay between the environment, socioeconomic development and allergens are distinctly shown in the Asian context. This review describes the demographics of aeroallergen distribution, sensitization patterns and their atopic phenotypes which are unique to this part of the world.
Aeroallergen sensitization patterns in Asian countries
Aeroallergen sensitization patterns in atopic individuals in various Asian countries, namely China, Hong Kong, India, Japan, Korea, Malaysia, Philippines, Singapore, Taiwan, Thailand and Vietnam are shown in the Table 1 and Figure  1 . 5, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] No published data from Myanmar, Laos and Cambodia were available. Studies involving aeroallergen distribution alone without human sensitization, and those involving sensitization without associated atopy were not included. Most countries' data were published within the last 10 years and some had data from the preceding decade as well, which offered a comparison of aeroallergen sensitization changes over time.
House dust mites (HDM) are by far the most common aeroallergen implicated in allergic individuals in Asian countries. The highest rates of HDM sensitization were reported in Singapore (70 to >90%), followed by Taiwan (85-90%) and South India (89.7%). 5, 16, 24, 25 The lowest sensitization rates were described in North India (7.8%), Vietnam (9-23%) and Philippines (33-47%). 15, 22, 27 Atopic Asians were mostly sensitized to the Dermatophagoides house dust mite species, with a slightly lower percentage sensitized to Blomia Tropicalis. However, exceptions were seen in Vietnam and Singapore (1999 data) where Blomia Tropicalis was instead the predominant mite in sensitized atopic individuals.
Sensitization to other aeroallergens was generally lower compared to mites across the Asian population. Cockroach, followed by mould and animal dander, and subsequently grass and tree pollen, in descending order of positivity, formed the remainder of aeroallergens commonly seen in Asia. Rates of sensitization to pollen were almost universally low among all the Asian countries with available data, except for South and East India where subtropical grasses abound and Japan, in which cedar pollinosis is a unique medical entity. 16, 17 Japanese cedar pollen is a major aeroallergen unique to Japan and has been implicated in allergic airway diseases in Japanese children. [31] [32] [33] The dispersed cedar pollen load in Japan increased significantly in the last 30 years following maturation of cedar forests planted after the Second World War. Reported sensitization rates in atopic Japanese ranged between 10-30%, second only to house dust mites. 34 Cedar pollen sensitization and allergic airway symptoms (termed cedar pollinosis) appeared to have a "cohort effect" in which the younger generations had a higher prevalence of pollinosis, possibly stemming from high exposures in early life which corresponded well with the environmental load. 35, 36 Aeroallergen sensitization patterns in Africa, Europe and the Americas Different patterns of aeroallergen sensitization were seen in other parts of the world ( Table 2) . [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] In West Africa (Nigeria and Ghana), high prevalences of cockroach sensitization were seen in asthmatic children and adolescents, and cat dander was also a more significant allergen than in Asia. Dust mite sensitization levels were much lower than in Asia at only 50-60%. 37, 38 Atopic patients in Europe and the United States were more highly sensitized to animal dander (cat and dog) and pollen than Asians. 39, [42] [43] [44] Middle Eastern atopic subjects had the highest overall sensitization rates to all aeroallergens -dust mites, cockroach, animal dander, pollen and mould. [45] [46] [47] Aeroallergen sensitization across age groups Differences in aeroallergen sensitization by age were observed between Asian populations. In atopic Singaporean children, sensitization rates to D. Pteronyssinus, D. Farinae and B. Tropicalis were around 84.5% in children 3-5 years of age, and this prevalence increased with age to 97.3% in those above 14 years ( Table 1) . 5 A similar pattern of increasing dust mite sensitization with age was observed in Malaysian and Korean children with asthma. 20, 48 The converse was, however, true for atopic children in China, who showed higher mite, cat dander and mould sensitization rates than adults at the same time point. 12 Children aged 7-8 in Taipei also had a higher dust mite sensitization rate than individuals above the age of ten. 25, 26 Cockroach sensitization increased with age from only 28% in children 3-5 years of age to >70% in adults in Singapore. 5 A similar pattern was reported in the multicentre study in China. 12 In Taiwan, elderly subjects above 50-70 years of age were found to have high sensitization levels to Tyrophagus putrescentiae, the storage mould mite, but this was not seen in adults younger than 40 years of age. 49, 50 It was the third most common mite found in Korean homes but its link to allergic disease in the population remains controversial.
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Changes in aeroallergen sensitization over time periods
Interval data published at different time points in Asia provide a glimpse of possible shifting aeroallergen sensitization patterns over time. In 1999, Blomia tropicalis was reported to be the predominant mite in sensitized atopic Singaporeans. 5 A lower but still significant minority were also sensitized to cockroach, animal dander and mould ( Table 1) . However in 2005, Kidon et al reported that Dermatophagoides mites induced higher rates of sensitization than Blomia tropicalis in Singaporean children. 23 Relative differences in sensitization to aeroallergen groups have also changed with time. A more recent study in Singaporean adults reported a sensitization profile that was overwhelmingly tilted towards dust mites with a much lower 183 prevalence of other aeroallergens such as cockroach and animal dander compared to the study in 1999. The prevalence of mite sensitization was also at least equally distributed between Dermatophagoides and Blomia mites in this adult population, instead of a Blomia predominance as was previously seen. 24 The high prevalence of sensitization to the storage mite T. putrescentiae in mainly elderly subjects in Taiwan in earlier studies in the 1990s appears to have waned with time. T. putrescentiae was no longer reported to be a major inhalant allergen in most parts of Asia including Taiwan in recent reports. 25 
Geographical variations
Epidemiological studies have shown that the worldwide distribution of aeroallergens such as dust mites and pollens demonstrate geographical and seasonal variations. Because of their natural inclination for hot and humid environments, house dust mite allergen levels vary across regions primarily based on environmental factors such as temperature and humidity. 52 Pollen allergens are also typically found in subtropical or temperate climates rather than in the tropics and their ambient levels vary throughout the year corresponding to their ecological seasons. 7, 53 Recent literature has also suggested that these geographical and seasonal fluctuations of aeroallergen exposure are linked to allergic sensitization, development and severity of allergic airway diseases, particularly in children. 7 Geographical variations appear to be influenced by both climate and degree of urbanization. Singapore, a small tropical metropolitan city state with no rural provinces, has seen a staggering house dust mite burden in stark contrast to the relatively much lower prevalence of other environmental allergens. 24 Children living in rural Taiwan had lower rates of sensitization to D. Pteronyssinus in rural Taiwan compared to inhabitants of urban Taipei city. 54 Another study reported a lower proportion of sensitized individuals (45.9%) living in Chiayi county, a rural state in southwestern Taiwan, compared to those in Taipei (71.9%). Both of these regions share similar climatic conditions and relative humidity. Lee SY et al also described lower aeroallergen sensitization in Korean children living in rural farming communities compared to those in rural towns and urban areas (in increasing order) despite a likely higher allergen exposure in the farming environment. 55 Reports also described correspondingly higher prevalence rates of allergic airway diseases in urban residents. 56, 57 Gangwon province, a mainly mountainous county in northeast Korea with a temperate climate, reported low sensitization of only 15-17% to house dust mites. 58 In contrast, the prevalence of dust mite sensitization in Busan city in warmer southeast Korea was as high as 45-50%. 59 In China, a higher prevalence of HDM and cockroach sensitization was observed in south-western counties compared to the temperate northern regions. 12 Pollen sensitization studies from various parts of India also demonstrate differences in prevalence. In northern India, only 10-14% of subjects were sensitized compared to 40-70% in South and East India. [15] [16] [17] Davies et al suggested that subtropical grass pollens such as those found in these regions may invoke a China (Guangzhou) Lal et al [16] India (East) 
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Tree pollen greater allergic burden than tropical grasses. 53 With increasing global warming and carbon dioxide emissions, subtropical grass populations and pollen production are likely to increase, thus adding to the burden of allergic airway diseases in this part of the world.
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Seasonal variations
Seasonal fluctuations in environmental aeroallergen concentrations influence sensitization profiles as well as disease burden in Asia. In Korea, dust mite concentrations in bedding increased in spring (May to September) and declined between autumn and winter (October to May). 62 These seasonal changes were also reflected in skin test reactivity and mite-specific IgE antibodies in asthmatic patients. 63 In contrast, higher rates of dust mite sensitization were found in children born in winter months in Japan compared to those born in other seasons. 64 China however, showed little variation in mite sensitization rates throughout the year across four different regions, but instead peaks in grass pollen sensitization rates were noted in August in the northern regions. These corresponded precisely to spikes in environmental pollen concentrations in the autumn.
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A multicentre study in Taiwan found that that visible mould was associated with asthma exacerbations in the winter and spring, while the presence of cockroaches was related to a higher asthma burden in the summer and fall. 65 The tropical south-east Asian nations such as Malaysia and Thailand, however, reported mostly perennial allergic airway diseases with no seasonal variations.
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Aeroallergens and disease phenotypes Dust mite sensitization is very strongly associated with wheezing and asthma in atopic Asians, especially children. HDM sensitization was linked to increased wheeze in Chinese adolescents living in Guangzhou. 3 Sensitization to aeroall ergens in general was positively associated with asthma and an earlier onset of more severe allergic airway diseases in China. 12 In Hong Kong, 85% of asthmatic children were aeroallergen-sensitized, with spirometric evidence of greater disease severity.
14 HDM sensitization in Singaporean pre-schoolers was also predictive of persistent wheeze in later childhood. 68 The early development of HDM-specific IgE in Japanese infants with atopic dermatitis was also a major risk factor for the development of asthma. 69 In particular, Blomia Tropicalis (particularly Blo t5) was implicated in children with purely respiratory allergy (asthma and allergic rhinitis) compared to children with atopic dermatitis alone, who were sensitized more often to D. Pteronyssinus. 70 This association was also seen in asthmatic patients in Taiwan and India. 4, 17 Aeroallergen sensitization was found to be a risk factor in Chinese patients with concomitant allergic asthma and rhinitis, rather than either disease in isolation, and this risk increased further with polysensitization to multiple aeroallergens. 12 Vietnam, however, found associations between HDM and cockroach sensitization and allergic rhinitis, but not asthma, in their population. 27 Mould sensitization may in fact play a larger role in allergic rhinitis in Asia than previously thought. This association was seen in 19% of Singaporean children with allergic rhinitis, especially in those living in homes without air-conditioning which predisposes to a warmer, moist environment. 71 In other parts of the world, the burden of allergic airway diseases appears to be modulated through several other aeroallergens, rather than the HDM predominance observed in Asia. Cockroach and animal dander were shown to be strongly associated with asthma in African, European and American populations. 37, 38, 41 Studies in the United States have shown that sensitization to mould and animal dander (particularly cat) was significantly associated with increased asthma morbidity and severity in children, to a greater extent than mite allergy. 43, 72, 73 Grass and tree pollen, rather than HDM, were strongly associated with allergic rhinitis in Europe. 53 Pollen allergic French and Spanish patients had more severe and persistent rhinitis phenotypes than those who were mite allergic. 39, 44 Children living in the West also tended to have seasonal, rather than perennial, allergic disease patterns which correlate closely to the seasonal cycles of the specific pollen triggers.
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Discussion
Asia has seen rapid socioeconomic development and urbanization in the last half century, with many countries transitioning from mainly rural, agricultural societies to bustling cities. There has also been a shift towards a more indoor and Westernized lifestyle. These changes have in turn influenced the distribution and diversity of aeroallergens in the Asian environment.
Dust mite sensitization can now be said to be characteristic of the Asian atopic population as a whole. Data from most of the Asian countries have reported rates of greater than 60% and even up to 80% in sensitized atopic individuals. In contrast, the European Community Respiratory Health Survey I observed a much lower mean prevalence of HDM sensitization (21.7%) in their population. 75 A large multicentre study in the United States also described dust mite sensitization rates of only 20% in their population and an only slightly higher prevalence of grass sensitization (27%). 76 Dust mite sensitization in their children was much lower at less than 10%. Data in the warmer southern states showed a slightly higher prevalence of indoor aeroallergen sensitization, but none higher than 50% at most, unlike the staggering burden seen in Asia. Pollen sensitization in Asia, apart from Japan, generally has less medical significance in Asia than in the West.
Data from Singapore clearly demonstrates the shift in aeroallergen sensitization trends over the last 2 decades, from a wide variety of environmental aeroallergens in 1999 to almost universal house dust mite predominance in adults today. 24 Data in children in recent years is still unpublished, but the authors have noticed a clear similar trend in the clinical setting.
The diminishing importance of the storage mites B. Tropicalis and T. putrescentiae in Asia supports the notion that urbanization has exerted a significant environmental influence on the aeroallergen sensitization patterns over time. The loss of their natural habitat (hay, mould and agricultural land) to the development of modern cities has likely resulted in decliningmite populations and hence its sensitization prevalence in humans, compared to the more highly prevalent Dermatophagoides mite species today.
Apart from urbanization, dust mite population abundance and thus sensitization patterns in Asia are also influenced heavily by climatic conditions. Where both factors are favourable, such as in Singapore, significantly high levels of exposure and thus sensitization can be observed. In other regions where either factor may be less favourable for dust mite proliferation, lower and more variable levels are seen. However, the overall burden of dust mite sensitization in Asia is much higher than that seen in the United States and Europe, even in areas of similar climate and/or urbanization, which begs the question as to whether other factors such as genetics may play a role.
Human migration is a good indicator of the geographical determinants of aeroallergen sensitization. In Singapore, atopic migrants from China who initially demonstrated low house dust mite sensitization levels gradually developed increasing sensitization and eventually achieved levels similar to that of Singaporean-born adults after about 8 years of residence in Singapore. 24 This clearly indicates a strong environmental influence in Singapore. The reasons for such changes are likely multi-factorial. Given that this allergen is predominantly an indoor one, evidence suggests that urbanization of society with improved sanitation and a change in lifestyle patterns towards a more indoor, sedentary type has caused this shift in aeroallergen sensitization patterns over time.
Living in rural environments appears to be protective against allergic sensitization in general and the development of allergic disorders. Dust mite sensitization is the exception,
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We would like to thank Ms Piraporn June Ohata for her kind assistance in the the graphical construction of the map in Figure 1 . with higher prevalence rates in city dwellers, which correlates with a higher mite-induced allergic airway disease burden in the urban community. 57 Postulated reasons for these geographical differences are likely multifactorial, comprising of complex interactions between antenatal exposures (the DoHAD hypothesis), epigenetics and lifestyle factors such as diet, breast feeding, siblings, livestock and microbial exposures which affect the microbiome in rural communities. 77 Sensitization patterns and allergic airway disease exacerbations in the Western population are closely linked to pollen allergens. In Asia, however, grass and tree pollen play a minor role (except for Japanese cedar pollinosis) and house dust mites are instead the major players in the pathogenesis of allergic rhinitis and asthma. South-east Asian countries with stable year-round tropical climates typically do not experience wide fluctuations in environmental or indoor allergens such as dust mites and thus allergic disease phenotypes tend to be perennial rather than seasonal in these regions.
HDM sensitization is strongly implicated in earlier onset and greater severity of wheezing in Asia and the paediatric atopic population is exceptionally vulnerable. As early life factors set the stage for disease burden in older age, this emerging phenomenon should be taken seriously. Much more needs to be done to ameliorate the modifiable environmental risk factors such as dust mites in the Asian population to reduce the socioeconomic and healthcare burden of allergic diseases in Asia. There is also an urgent need for more studies to look into the primary prevention of house dust mite sensitization in young Asian children.
